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ABSTRACT 

In  this  paper ,  the  detailed  procedure  for  the  preparation  and  rheological  analysis  ofMR  (Magneto-Rheological)  fluids  is 
detailed.  Three  MR  fluid  samples  were  prepared  using  a  carrier  fluid  (silicon  oil)  which  is  mixed  with  Fe  particles  in 
addition  to  additive  grease.  The  grease  also  serves  the  purpose  of  a  coating  material  for  the  Fe  particles.  The  samples 
were  prepared  in-house  using  an  experimental  set-up.  The  sedimentation  analysis  of  fluid  samples  was  done  along  with 
off  state  testing  of  fluids  for  its  rheological  properties.  MR  fluids  are  special  nature  of  fluids  which  are  mainly  used  for 
vibration  control,  in  which  changes  in  magnetic  fields  result  into  drastic  changes  in  yield  stress.  This  change  is  entirely 
reversible  which  is  very  quick,  as  it  depends  entirely  on  the  value  of  magnetic  field. 
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INTRODU  CTION 

The  magnetisable  particles  (Fe)  having  size  in  microns,  when  suspended  in  a  carrier  fluid  forms  the  magneto- 
rheological  fluids.  The  behaviour  of  the  MR  fluid  changes  when  magnetic  field  passes  through  it.  The  Fe  particles 
start  aligning  as  per  the  power  of  the  magnetic  field  thereby  forming  a  recognizable  pattern.  This  formally  results  in 
the  conversion  of  fluid  into  a  semi-solid  substance.  Jacob  Rabinow  at  the  US  National  Bureau  of  Standard  in  the 
late  1940s  developed  the  MR  fluid  [1]. 

As  shown  in  the  figure  1 ,  the  Fe  particles  starts  making  a  pattern  and  finally  in  the  form  of  lines  according 
to  the  intensity  of  the  applied  magnetic  field.  As  the  magnitude  of  magnetic  field  increases,  the  behaviour  of  the 
fluid  changes  from  Newtonian  to  non-  Newtonian  with  a  significant  variation  in  viscosity  as  well  as  yield  stress. 
This  variation  is  entirely  reversible  and  solely  relying  on  the  value  of  the  applied  field.  A  number  of  articles  have 
been  published  on  the  properties  and  applications  of  MR  tluids  [2-9] .  In  automotive  sector,  MR  fluid  is  used  in 
semi-active  dampers  for  vibration  control.  The  semi-active  dampers  provide  much  more  comfort  to  the  passengers 
as  compared  to  the  traditional  hydraulic  shock  absorbers  [10].  MR  Uuids  also  find  its  applications  in  brakes, 
clutches,  civil  engineering  areas  i.e.  earthquake,  bridges  and  even  in  bio-medical  areas  etc  [11,  12]. 


Figure  1:  MR  Fluid  in  (a)  Absence  of  Magnetic  Field  (b)  Presence 
of  Magnetic  Field 
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PREPARATION  OF  MR  FLUID 

Typically  an  MR  Fluid  contains  up  to  50  percent  in  yolume  of  the  magnetisable  particles  [13]  with  remaining  percentage 
appropriately  split  between  the  carrier  fluid  i.e.  mineral  oil  or  silicon  oil  etc.  and  the  additives  i.e.  grease  or  oleic  acid  and 
many  more.  Carrier  fluid  is  usually  a  non-magnetisable  fluid  where  as  the  additives  vary  over  a  wide  range  as  the  research- 
ers  are  working  to  find  the  most  suitable  additive  for  the  MR  fluid.  The  additives  serve  a  major  role  in  the  working  of  a  MR 
Huid  as  they  not  only  prevent  the  sedimentation  of  the  Fe  particles  but  also  help  in  preventing  the  oxidation  of  the  Fe 
particles.  After  doing  the  literature  survey  and  market  availability  of  components,  three  different  MR  fluid  samples  having 
varying  compositions  of  constituents  were  prepared  (table  1  &  2)  using  micro-iron  powder  (300  mesh),  low  viscosity 
silicon  oil  (50  cST)  as  the  carrier  fluid  &  grease  (special  type)  as  the  additive  an  is  as  shown  below: 


Table  1:  MR  Fluid  Composition  in  Yolume  % 


MRF  Sample 

Fe 

Silicon  Oil 

Grease 

A 

15 

75 

10 

B 

20 

68 

12 

C 

25 

60 

15 

Table  2:  MR  Fluid  Com 

position  in  Weight  % 

MRF  Sample 

Fe 

(wt.  %) 

Silicon  Oil 

(wt.  %) 

Grease 
(wt.  %) 

A 

59.36 

36.07 

4.57 

B 

65.57 

29.88 

4.55 

C 

73.47 

21.44 

5.09 

The  MR  Huid  samples  were  prepared  (Figure  2)  using  equipments  like  mechanical  stirrer,  weighing  scale  having 
suitable  range,  non-sticky  utensil  (for  carrying  Huid)  etc,  as  shown  in  Figure  3  (a)-(e). 


L 

Required  amount  of  constituents 
of  MR  fluid  weighed 

N. 

Fe  particles  spread  in  a  tray 
and  heated  up  to  50  degree  Celsius 

'S. 

Appropriate  amount  of 
grease  applied  on  Fe  particles 

i 

t 

Carrier  fluid  stirred 

alone  for  20  minutes 

-- 

i  ~ 

Di vide  the  GCP  into 

6  equal  parts 

j 

Adding  the  GCP  to  the  carrier  fluid 
at  regular  intervals  while  stirring 

«. _ 

1 

t 

- - 

After  adding  all  the  GCP, 

MR  fluid  stirred  for  35-40  minutes 

Figure  2:  Procedure  for  Preparation  of  MR  Fluid  Sample. 


The  steps  for  the  preparation  of  each  MR  Fluid  sample  are  given  below: 

•  Required  amounts  of  constituents  i.e.  Fe  particles,  silicon  oil  and  white  lithium  grease  were  weighed  according  to 
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the  table  1  and  2  and  sorted  in  different  containers. 

•  Fe  particles  were  spread  in  a  tray  and  heated  up  to  50 °C. 

•  Weighed  amount  of  grease  is  applied  on  iron  particles  spread  in  tray  with  the  help  of  a  brush. 

•  The  carrier  fluid  i.e.  silicon  oil  is  firstly  stirred  alone  using  the  stirrer  for  20  minutes. 

•  Dividing  the  required  amount  of  grease-coated  Fe  powder  into  6  equal  parts  as  shown  in  figure  3 

•  Adding  the  Grease-Coated-Powder  (GCP)  to  the  fluid  under  stirrer  part-by-part  at  regular  intervals  of  15  minutes 
while  stirring  continues. 

•  After  adding  all  the  powder,  the  fluid  is  stirred  for  35-40  minutes  for  the  final  round. 

•  The  fluid  samples  are  yiscous  Auids  with  dark  greyish  or  almost  black  color.  The  same  procedure  is  employed  for 

the  synthesis  of  the  three  fluid  samples  A,  B  and  C. 


Figure  3(a):  Mechanical  Stirrer. 


Figure  3(b):  Silicon  Oil  Being  Stirred.  Figure  3(c):  Grease-Coated  Fe  Powder. 


www.tivrc.ors 


SCOPUS  Indexed  Journal 


editor@tjprc.  org 


300 


Ashwani  Kumar  &  Vinod  Chauhan 


Figure  3(d):  Stirring  of  MR  Fluid  Sample  Figure  3(e):  Prepared  MR  Fluid  Sample. 


ANALYSIS  OF  THE  MR  FLUID  SAMPLES 

The  main  issue  which  needs  to  be  addressed  while  preparing  MR  fluid  is  settling  of  Fe  particles.  This  can  be  checked  using 
the  sedimentation  test  of  the  fluid  samples.  Sedimentation  is  basically  the  settling  of  particles  as  there  is  difference  in  den- 
sity  of  the  constituent  materials  of  the  fluid.  In  this  case,  the  sedimentation  test  was  performed  without  applying  the  mag- 
netic  field  on  the  MR  fluid.  During  the  test,  the  Fe  particles  start  settling  down,  thereby  resulting  in  the  creation  of  yisually 
clearer  layer  of  fluid  at  the  top  termed  as  supernatant  fluid.  The  supernatant  fluid  height  increases  with  respect  to  the 
change  in  time  as  sedimentation  continues.  The  boundary  between  the  supernatant  fluid  and  the  lower  fluid  is  called  as 
mud-line.  The  sedimentation  test  was  carried  in-house  using  the  holding  set-up  as  shown  in  Figure  4. 


STAND 


TESTTUBE- 
SLPERNATANT  ELUID- 
MUDLINE  - 


MR  FLUID 
SAMPLE 


Figure  4:  Setup  to  Find  Out  Sedimentation  Ratio. 


Figure  5(a):  Test  Tube  and  Ruler  Figure  5(b):  Test  Tube 

Arrangement.  Showing  Yarious  Fluid  Layer. 
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The  MR  fluid  as  shown  in  figure  5  (a)  &  (b)  were  placed  in  a  well-lit  room  and  the  test  was  performed  by  filling 
the  test  tube  with  MR  Fluid  samples  A,  B  and  C  up  to  10  cm  and  it  was  mounted  with  a  ruler  on  the  setup.  Measurements 
were  recorded  for  the  height  of  supernatant  fluid  (Hs)  after  regular  intervals  of  5  minutes  as  per  [13]  and  total  height  of 
fluid  in  the  glass  tube  was  also  recorded  to  calculate  the  sedimentation  ratio  (S.R.)  which  is  given  by  the  ratio  of  height  of 
supernatant  oil  to  the  total  height  of  fluid  in  the  tube.  Mathematically, 

S.R.  =  ^-  x  100% 


where,  S.R.  is  the  sedimentation  ratio,  Hsis  the  height  of  supernatant  fluid  and  HT  is  the  total  height  of  fluid  filled 
in  the  tube. 


20 


-*■  MR  Fluid  sample  A 
MR  Fluid  sample  B 
MR  Fluid  sample  C 


I* 


Time  (in  minutes) 


Figure  6:  Time  vs  Sedimentation  Ratio.  Figure  7:  Shear  Stress  vs  Shear  Rate 


From  the  sedimentation  graph,  (figure  6),  it  can  be  observed  that  MR  fluid  sample  A  has  higher  sedimentation  ra- 
tio  with  respect  to  MR  Huids  samples  B  and  C.  The  amount  of  grease  used  in  MR  fluid  sample  A  is  10%  (in  volume)  as 
compared  to  the  grease  content  of  12%  (in  vol.)  and  15%  (in  volume)  of  fluid  samples  B  and  C  respectively.  From  this,  it 
can  be  said  that  the  grease  plays  a  vital  role  on  the  sedimentation  ratio  of  such  type  of  fluids.  The  graph  also  predicts  that 
by  enhancing  the  percentage  of  grease,  sedimentation  ratio  may  be  controlled  but  upto  a  certain  extent. 

Figure7  shows  the  shear  stress  versus  the  shear  rate  for  the  fluid  samples.  The  MR  Huid  shows  a  non-newtonian 
character  when  magnetic  field  is  not  existent.  The  figure  shows  that  with  an  increase  in  shear  rate,  the  shear  stress  of  the 
MR  fluid  increase.  MR  Fluid  sample  C  shows  the  highest  shear  stress  among  all  three  samples  which  is  due  to  presence  of 
higher  percentage  of  Fe  particles  in  the  Huid. 


Figure  8:  Viscosity  vs  Shear  Rate  for  MR  Fluid 
Sample  A,  B  and  C. 
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Figure  8  represent  the  values  of  yiscosity  for  shear  rates  for  all  three  MR  fluid  samples.  The  phenomenon  of  shear 
thinning  is  also  depicted  in  this  figure  as  there  is  gradual  decrease  in  dynamic  yiscosity  of  prepared  fluid  samples  with  an 
increase  in  shear  rate.  It  can  be  observed  that  MR  Fluids  exhibit  Non-Newtonian  behaviour  when  no  magnetic  field  is  pre- 
sent.  When  shear  rate  is  increased,  there  is  a  fall  in  the  viscosity  of  the  samples. 

CONCLUSIONS 

In  this  article,  MR  Huids  having  Fe  particles  coated  with  grease  were  developed  and  sedimentation  test  of  the  prepared  MR 
Huids  was  done.  Anton  Paar,  (Panjab  University  facilities)  were  used  to  study  the  rheological  properties  of  the  prepared 
fluid  samples  in  the  absence  of  magnetic  field.  In  this,  shear  stress  versus  shear  rate  and  viscosity  versus  shear  rate  for  MR 
fluid  samples  was  studied.  It  can  be  concluded  that  in  order  to  reduce  the  sedimentation  and  improve  the  properties  of  the 
MR  fluid,  it  is  important  to  weigh  the  benefit  and  drawbacks  caused  by  the  grease  which  is  used  as  a  coating  for  the  Fe 
particles. 
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